APPENDIX A

Additional Information About Stainless Stedl, Brass, and Bronze Alloys



The discussions below were excerpted from the EPA document “Report on the Corrosion of
Certain Alloys’ [EPA report # EPA-260-R-01-002 (July 2001)], which was made available to the
publicin July, 2001. The interested reader should consult this report for additional and more detailed

discussons on dloys, and references pertaining to dloys.

Stainless Steel Alloys

| dentification of Stainless Seel Alloys

Stainless stedls produced in the United States can be identified in three generd ways. (1) by the
Unified Numbering System (UNS) numbers developed by the American Society for Testing and
Materids (ASTM) and the Society of Automotive Engineers (SAE) for dl commercid metals and
dloys, (2) by the American Iron and Sted Indtitute (AlSl) numbering system; and (3) by the names
based on compositiona abbreviations, proprietary designations, and trademarks. The UNS number
comprises Sx symboals (i.e., aletter followed by five numbers) that are difficult to recognize ingantly and
memorize for the 180 sainless sedls. Therefore, technical journas dlow each dloy to be initidly
identified by the lengthy UNS number and then subsequently the better-known AlSl or another
designation may be used. The AlSI number designates the wrought standard grades of Sainless steds
by three-digit numbers. Three groups of wrought stainless stedls, series 200, 300, and 400, have
composition limits standardized by the AIS. Stedsin the AlSI 400 series contain a minimum of
11.5% chromium and usudly not more than 2.5% of any other dloying dement. Stedsin the AISI 300
series contain aminimum of 16% chromium and 6% nickd; the relative amounts of these dementsare
balanced to give an audtenitic structure. Austenitic structures have face-centered cubic lattices, while
ferritic structures have body-centered cubic lattices and martengitic structures have body-centered
tetragond or cubic lattices. Stainless sted's containing both augtenite and ferrite, usudly in roughly equd
amounts, are known as duplex. Duplex stainless stedls, precipitation-hardening sainless stedls, and
higher aloys containing less than 50% iron (Fe) do not have AlSI designations and are generaly known
by names based on compositiona abbreviations and trademarks, as well as UNS numbers.
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The many grades of sainless sted are due to the crystd structure of the iron-rich matrix. The
audenite fidld in iron exigts over an increasingly small temperature range as chromium is added, and
disappears at about 12% chromium. To make the martengitic grades, it isimportant to be able to form
100% audtenite first. Fortunately carbon extends the austenite range so it is possible to have dl
austenite prior to quenching in a 12% chromium carbon sted, or if the carbon content is high enough,
evenin a17% chromium sted. Adding severd percent of nickd to an iron-chromium aloy can alow
austenite to exist as metastable or stable forms down to ambient temperature. A body-centered cubic
phase, or sometimes a hexagond close-packed phase, can then form martensiticaly, and can give very
high strengths to the stainless stedl.  For the ferrite grades, it is necessary to have at least 12%
chromium and only very smal amounts of dements that sabilize augtenite. For these materids, the
structure is body-centered cubic from room temperature to the melting point. Some elements, such as
molybdenum, niobium, titanium, and aduminum, which encourage the body-centered cubic structure,

may aso bein these seds.

Compositions of some stainless seds are listed in the following table, Table A-1.
Table A-1
Typical Composition of some Stainless Steels, wt%

(Sulfur (S) and Phosphorus (P) are held below 0.03 and 0.04% max, respectively, balance is Fe)

AlS # C Mn Si Cr Ni Mo N Ti Nb
201 0.15 6.50 0.75 17.0 450 0.20

202 0.15 8.75 0.75 180 5.00 0.20

205 012 150 0.50 17.0 175 0.35

304 0.06 150 0.75 190 100

309 0.16 150 0.75 230 135

310 0.20 150 1.00 250 205

316 0.06 150 0.75 17.0 120 250

321 0.06 150 0.75 180 105 0.50

330 0.08 200 1.00 180 350

347 0.06 150 0.75 180 110 1.00
410 012 0.75 0.75 125

430 0.10 0.75 0.50 16.0 0.30

446 0.30 1.00 0.75 250 0.20
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Classes of Stainless Steel Alloys

There are four mgor classes of sainless sted: 1) audtenitic; 2) martendtic; 3) ferritic; and 4)
age-hardened or precipitation-hardening steeds. A brief description of each is provided below.

1) Austenitic stainless steels, these are essentidly non-magnetic and cannot be hardened by
heat treetment. They are hardenable only by cold-working. Asagroup, these stainless stedls have
greater corroson resistance than the other three groups. At the same time thereisawide rangein the
corrosion resstiance among the augtenitic types. Most of these stedl's contain nickd as the principa
augtenite former, and some contain substantia amounts, 2-4%, of manganese and less nickel. These
stedls possess better corrosion resistance than the straight chromium steds. Chromium content is
generaly between 16-26%, with the nickel content generally between 4-22%. The 300 series
represents by far the largest category of stainless steels produced in the United States. For the sake of

discussion, the augtenitic aloys can be divided into four subclasses.

ClassA: AlSI types 301, 302, 303, 304, 304L, 304N, 321, 347, and 348 are all contained
within class A. Each of the typesin this group can be consdered an 18-8 dainless sted (i.e,
18% chromium content and 8% nickel content). Within this dlass, thereis no great differencein
the generd corroson resstance of the individua types. Those that have a higher aloy content
are dightly more corrosion resistant than those with alower dloy content. Types 321, 347, and
348 are carbide gtabilized with titanium and/or niobium.  Although their genera corrosion
resistance may be no higher than types 302 or 304, they are essentidly immune to sengtization

and the possible attendant intergranular corrosion under specific conditions.

Class B: Only types 305 and 384 are contained within class B. These haveredivey high
nicke contents (12.0% and 15.0%) nominally and respectively. While they both have greater
corrosion resistance than the 18-8 stedls, they were principally designed for extra-deep
drawing and cold heading operations, as alowed by the higher nickel content
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Class C: AlSl types 302B, 308, 309, 309S, 310, 310S, and 314 are examples of the classC
group. Type 302B isamodified 18-8 and has a silicon addition (2.5%) that increases
oxidation resstance at elevated temperatures. Type 314 represents a higher aloy version
(25% chromium-20% nickel) of an 18-8 stedl. It has a silicon addition that is more corrosion
resstant, epecidly to sulfuric acid, than type 302B and aso has a high resistance to scding at
elevated temperatures. Types 308, 309, 309S, 310, and 310S are dl higher in chromium and
nickel and are commonly called 20-11 (20% chromium-11% nickel, type 308), 24-12 (24%
chromium-12% nickel, types 309 and 309S) and 25-20 (25% chromium-20% nickel, types
310 and 310S). They have avery high resistance to corrosion and oxidation at elevated

temperatures.

Class D: AlSI types 316, 316L, 316F, 316N, 317 and 317L are part of thisclass. They
contain a a minimum 16% chromium and & least 2% molybdenum. The ferrite-forming
influence of the molybdenum requires an increase in nicke, as an augtenite former, to a least
10%. The presence of molybdenum specificaly enhances corroson resstance to chloride
pitting and crevice corroson and aso increases genera resistance to specific chemicds (e.g.,

organic acids, amines, phosphoric acid, dilute sulfuric acid).

2) Martensitic stainless steels these are iron-chromium aloys which are hardened by hesat
trestment. Heet trestment results in higher strength, with a corresponding proportiona diminution of
ductility with increasing hardness. Corrosion resstance isless than in the other two groups. In the
hardened condition there may be a greater resistance to general corrosion but there isincreasingly less
res stance to hydrogen-induced cracking. Martensitic steels can be hest-treated to obtain high tensile
grengths. The hest trestment results in higher strengths, with a corresponding proportiona diminution
of ductility with increasing hardness. Corrosion resstance isless than in the other two groups. Inthe
hardened condition, there may be a greater resistance to generd corrosion, but thereisincreasingly less
res stance to hydrogen-induced cracking. Chromium content is generaly between 11.5-18% with
carefully controlled carbon content. Some of the AlS types that make up this group are 403, 410,
414, 416, 420, 420F, 431, 440A, 440B, and 440C.
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Types 403, 410, and 416 are known as “turbine qudity.” Type 403 isvirtudly identica to type
410, except that it is made from specialy processed and rigoroudy ingpected ingots, asis required for
steam turbine blades. Both types contain just enough chromium to maintain * ainlessness’ (nomindly
12.5%), but there are no significant amounts of other aloying dements. Type 416 is Smply 410 with
the addition of free-machining additives. Although offering improved machining characteridics, thereis

asacrificein corrosion resistance.

Types 414 and 431 provide better corrosion resistance than type 410, largely because they
contain anomina amount (2.0%) of nickdl. These steels have been commonly known as 12-2 (12%
chromium-2% nickel) and 16-2 (16% chromium-2% nickel), respectively.

Types 420 and 420F, despite having a higher chromium content than type 410, do not have an
gppreciably higher corrosion resstance level. Type 420F isamost identica to type 420, except that
there is an addition of sulfur to improve machinability. Thisresultsin adight sacrifice of corrason

resisance.

Types 440A, 440B, and 440C are dl high-carbon stainless steels and are sometimes called
“danlesstool seds” Thesetypes have the highest chromium range of any of the martengtic types, yet
their corroson resstance levels are among the lowest because of their higher carbon content. Thereis
agradua decrease in corrosion resistance from the A to C subtypes. Thisisdueto theincreasein

carbon content.

3) Ferritic stainless steel s, these are nonhardenable steel's so designated because they cannot
be hardened by hest trestment. They are hardenable only by cold-working. Chromium content is
generdly between 11.5-27% with low carbon content. Examples of AlSI types that make up this
group are 405, 409, 429, 430, 430F, 434, 436, 442, and 446. As agroup the ferritic stainless steels
do not closdly approach the austenitic types with respect to corroson resistance. There are, however,
some ferritic types that may nearly equa the corroson resstance levels of the augtenitics in some
environments, but these are exceptions. One of the most interesting aspects of this group of sainless

gedsisthar resistance to stress corrosion.
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Type 405, while meeting the minimum requirements for astainless sed, is actudly rdativey low
in its resstance to corroson. The carbon leve is 0.08% maximum and it has anomina chromium
content of 12.5%. An addition of 0.10 to 0.30% auminum (a powerful ferritizer) preventsthe
formation of any appreciable amount of austenite at any temperaiure. Itisthustheided grade for
welding. Of dl the stainless stedls, type 409 is generaly consdered to have the lowest degree of
corrosion resstance. It contains very nearly the minimum amount of chromium to qualify asagainless

ged (10.5-11.75%) and is sabilized with titanium.

Types 430, 430F, 434, and 436 represent the old and well-known 17-chrome stainless stedl
grade, which isthe origind type 430. Type 430 shows a high resistance againg attack by practicdly all
types of amospheres and aso by many types of chemicals, notably oxidizing acids. At times, type 430
replaces the more expensive 18-8 audtenitic types. Type 430F is amachinable grade of type 430. The
additives contained in it reduce the corroson resistance of the basic type 430. Type 434 hasthe same
chromium content as type 430, but it has anomina 1.0% molybdenum content, which adds greetly to
its res stance to certain types of corrasion, notably pitting corroson. Type 436 is essentiadly type 434,
but it contains up to 0.70% niobium plus tantalum for carbide stabilization. Therefore, it is suited for
elevated temperature applications as well as for room-temperature corrosion resstance. Types 442
and 446 are frequently cdled “chrome-irons.” They differ in compaosition only in chromium content
18.0-20.0% for type 442 and 23.0-27.0% for type 446. Neither isused to any great extent for
corrosion resistance a room temperatures. Their principal uses are in heat processing equipment
where resstance to scaling is important. Types 442 and 446 are capable of sustained operation at
temperatures of 980°C and 1095 °C respectively, without experiencing destructive scaing. A need for
a higher degree of weldability than that provided by type 430 resulted in the development of type 429.
Both aloys have the same carbon content; however, 429 has alower chromium content (14.0-16.0%).

This carbon-chromium ratio dlows type 429 to retain its ferritic satus.

4) The fourth group congists of the age-hardened or precipitation-hardening steels. They
are hardened and strengthened by solution-quenching followed by heating for substantia times at
temperatures in the range of 800-1000 degrees Fahrenheit. Precipitation-hardened stainless steels can
have amicrogtructure conssting of ferrite, martensite, or austenite depending on the heset treatment
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performed. The precipitation hardening process is thought to involve the formation of very fine
intermetallics that impede did ocation motion during deformation, producing higher strength.  Prolonged
aging cause these intermetallics to coarsen, enabling didocations to bypass them during deformation,
and their strength to begin to decline. In this condition, the materid is said to be overaged. AlSl types
that make up this group include 630, 631, 632, 633, 634, and 660. It isgenerdly consdered that the
average corrosion resistance of this group approaches that of the 18-8 augtenitic grades and that it is

usually superior to the corrosion resistance of the martengtic and ferritic types.

Copper isthe principa hardening agent in type 630. Its corrosion resistance approaches that of
types 302 and 304. In the hest treated condition, type 631 has a duplex structure. Stainless stedls that
have aduplex structure have atwo phase microstructure that exhibits improved strength and high
resistance to stress corrosion cracking. With the exception of an addition of molybdenum, type 632 is
very much like type 630. Thereisan improvement in strength and resistance to pitting corrosion due to

the addition of molybdenum.

Type 633 is ds0 a duplex-gructure grade, but has adightly higher aloy content than types 631
and 632. Thus, its corrosion resistance is better than types 631 or 632. Type 634 is semiaustenitic
(duplex), but it has an dloy content dightly less than type 633. The duplex stainless seds are currently
popular for withstanding high chloride environments. These dloys have a two-phase microstructure that
exhibits improved strength and high resistance to stress corroson. Most duplex stainless stedls contain
high chromium (usudly about 25%), low nickel (generdly about 8% maximum), and 2-4%
molybdenum for enhanced resistance to chloride induced phenomena and to promote genera corrosion

resstance, specificdly pitting corrosion.
The super-augtenitic stainless stedlsinclude such dloys as 904L and 254MO. These dloys

have increased resistance over the augtenitic stainless stedl's due to the addition of 6% molybdenum or

other dements.
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Brassand Bronze Alloys

Brass, bronze, and other copper dloys have been widdy used for centuriesin many
gpplications because of their excdlent corrosion resstance. Despite the formation of the common
green patinain naturd environments, copper and its aloys corrode a negligible rates in unpolluted
water or ar and in deaerated nonoxidizing acids. Copper roofing in rural atmospheres, wherethereis
little if any pollution, has been found to corrode at rates of less than 0.4 mm (15 mils) in 200 years.
Some copper dloy artifacts have been found in nearly perfect condition, with only small amounts of
corrosion on the surface, after having been buried in the earth for thousands of years.

Although classed as corroson resstant, neither copper nor its aloys form the truly passive
corrosion-resistant film that characterizes most true corroson-resstant alloys. In agueous environments
at ambient temperatures, cuprous oxide or cupric carbonate forms the protective scale on copper and
copper dloys. The filmis adherent and follows parabolic growth kinetics. For the corrosion reaction
to proceed, copper ions and eectrons must migrate through the cuprous oxide or cupric carbonate
layer. Consequently, reducing the ionic or eectronic conductivity of the film by doping with divalent or
trivalent cations should improve corrosion resstance. In practice aloying additions of duminum, zinc,
tin (Sn), iron, and nickel are used to dope the corrosion product films, resulting in a significant reduction

in corrosion rate.

Copper dloys can be quite susceptible to stress-corrosion cracking. While high-zinc yellow
brasses are the most susceptible to stress-corrosion cracking, small amounts of phosphorus, arsenic
(As), antimony (Sh), slicon, duminum, or nickel as congtituents in other copper-base dloys render
them also susceptible to stress-corroson cracking in ammoniaca environments. Other nitrogenous
environments, such as nitrite or nitrate solutions, as well as nitric acid vapors, can adso cause stress-
corrosion cracking. Asfor other eements, the corrosion-resistant behavior of copper is best reveaed
by considering itsdloy systems. The basic systems for copper are copper-tin (bronze), copper-zinc
(brass), copper-nickel (cupro-nickels), and variations of these, including aluminum-bronzes, phosphor-

bronzes, and nickd-glvers.
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Copper and its dloys are classified in the United States by compaosition according to Copper

Development Association (CDA) designations which have been incorporated into the Unified

Numbering System (UNS) for metas and dloys. Wrought copper materias are assgned five digit

numerical designations which range from C10100 through C79999, but only the first three or

sometimes four numerds are frequently used for brevity. Designations that start with 8 or 9 are

reserved for cast copper dloys.

Most wrought aloys are provided in conditions that have been strengthened by various amounts

of cold work or heat treetment. Cold worked aloys are the result of cold rolling or drawing by

prescribed amounts of plastic deformations from the annedled condition. Alloys that respond to

strengthening by heet treatment are referred to as precipitation or age hardenable. The

designations and principa aloying e ements of wrought copper dloys are given in Table A-2.

Table A-2

UNS (CDA) Designations for Brass and Bronze Alloys

Alloy group UNS (CDA) designation Principal alloy elements
Brasses C20500-C28580 Zn
L eaded brasses C31200-C38590 Zn-Pb
Tin brasses C40400-C40980 Sn, Zn
Phosphor bronzes C50100-C52400 Sn-P
Leaded bronzes C53200-C54800 Sn-P, Pb
Phosphorus-silver C55180-C55284 Ag-P
Aluminum bronze C60600-C64400 Al, Fe Ni, Co, S
Silicon bronze C64700-C66100 S, S
Modified brass C66400-C69950 Zn, Al, Si, Mn

Nickd and copper are mutually soluble or miscible. In commercid dloys known as copper-

nickels or cupronickels, where copper is the dominant eement, the copper content ranges from about

54% to over 90%. Nickel providesthe best genera resistance to agueous corrosion of al the

commercidly important aloy eements. 1t promotes resistance to impingement or eroson corroson and

to stress corrosion cracking. The addition of 10-25 wt% nickel to copper-zinc aloys produces aloys

caled nickd-dlvers. Most commonly these have about 18% nickel and 55-65% copper. Such dloy
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additions promote good resistance to corrosion in both fresh and sdt waters. The nickd inhibits
dezincification. Nickd-glvers are much more corrosion resstant in saline solutions than brasses of

smilar copper content.

Elements are added to copper dloysin varying amounts to enhance corrosion resstance. For
example, the addition of arsenic, antimony, or phosphorus improves resstance of Admirdty Metas
(72% copper, 26% zinc, 1% tin) to dezincification. Also, 2% auminum is added to 76% copper-22%
zinc solutions to produce duminum brass, and asmall amount of arsenic (less than 0.10%) is added to

the dloy to inhibit dezincification.

Brass and bronze can be grouped according to how the principa eementa additions affect
properties. This grouping depends primarily on whether the additions that dissolve in the liquid copper

can form discrete second phases during melting/casting or in-process thermal trestment.

Brass and bronze are considered to be solid solution aloys when copper dissolves other
elements to varying degrees to produce a single-phase dloy that is strengthened rdlative to undloyed
copper. The contribution to strengthening from an dement depends on the amount of the dement in
solution and by its particular physica characterigtics, such as aom size and vdency. Tin, silicon, and
auminum show the highest strengthening efficiency of the common dementd additives, whereas nickel
and zinc are the leadt efficient. The limiting factor in their dloy range is the extent to which the dements,
ether angly or in combination, remain dissolved in the copper during processng. Table A-3 givesthe
designations and compoasitions of some specific brass and bronze wrought dloys. More details on

these specific aloys are provided below.

A-10



Table A-3
UNS (CDA) Designation and Compositions of some Brass and Bronze
Wrought Alloys

Alloy group UNS designation Elemental composition, wt% 2
Zinc brass C260 30Zn
Leaded brass C360 35Zn,3Pb
Tin brass C425 957Zn,205
Phosphor bronze C510 505,01P
Aluminum bronze C638 28Al,189
Silicon bronze C64 30S8,155,01Cr
Silicon bronze C655 33S,09Mn
Modified Cu-Zn C688 22.77n,34Al,04Co

#Remaining percentage is copper.

The presence of finely digpersed second-phase particles in copper aloys contributes to
grength, through refined grain size and increased response to hardening from cold working. A
dispersion of fine particles can be incorporated into the aloy through thermomechanical processng
where the dloy content is above the solid state solubility limit. Precipitation and coarsening of the
excess solute by an in-process anned is used in high copper dloys, such as C194 and C195, to form

iron or iron-cobalt dispersons.

Copper-Zinc (Cu-Zn) Brasses

Copper-zinc aloys have been the most widdly used of the copper dloys during the 1990's.
Brass dloysfdl within the designation C205 to C280 and cover the entire solid solution range up to 35
wit% zinc in the Cu-Zn dloy system. Zinc, which is generdly less expensve than copper, does not
impair conductivity and ductility to any gppreciable extent. The dloys have ayelow “brass’ color at
zinc levels above 20 wit%. By far the best known and most used composition is the 30 wt% zinc aloy,
caled Cartridge brass, which is best known for its gpplications as door knobs and bullet cartridges.
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The series of brasses, C312 to C385, contain from 0.25-5.0 wt% lead (Pb) for the purpose of
improving machinability. C360, having the composition of 61.5 wt% copper, 35.4 wt% zinc, and 3.1
wit% lead, has become the industry standard for machinability performance.

Tin Brasses

Thetin brass series of dloys consgts of various copper-zinc (2.5-35 wt%o) aloys to which up
to about 4 wt% tin has been added. These are the C40000 series of dloys. Tin provides better
generd corroson resstance and strength without greatly reducing dectrical conductivity. Severd tin
brasses have lead additions to enhance machinability. Naval Brass C485 contains 60.5 wt% copper,
37 wt% zinc, 0.7 wt% tin, and 1.8 wt% lead. Resistance to dezincification is increased with the
addition of tin. In brassesthat contain a high zinc content, it is common to use other dloying additives
to enhance corrosion resistance. C443 contains 0.02-0.10 wt% arsenic, C444 contains 0.02-0.10
wt% antimony, and C445 contains 0.02-0.10 wt% phosphorus, which is added to control
dezincification. When any of these dements are used, the dloy is referred as being “inhibited.”

Tin Bronzes

Tin bronzes may be the most familiar of copper dloys with roots going back into ancient times.
They are essentidly solid solutions of tin in copper. Phosphorus a 0.03-0.35 wit% is commonly used
as adeoxidizer, and the resdua phosphorus content gives rise to the term “ phosphor bronze” The
addition of tin to copper promotes good resistance to fresh and seawater. Under some conditions,
when more than 5% tin is present, the corrosion resistance in marine applications is enhanced.
Strength, corrosion resistance, and stress relaxation resistance increases with tin content. Where the
water velocity is high, the tin content in copper dloys for marine goplications should exceed 5%. Alloys
containing between 8-10% tin have high resistance to impingement or erosion attack. Tin bronzes tend
to have intermediate pitting resstance. One of the most highly used specidty tin bronzesis C544,
containing 88 wt% copper-4 wit% tin-4 wt% zinc-4 wit% lead. Zinc providesincreased strength to this
tin bronze, whereas the lead addition provides good machinability.
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Aluminum Bronzes

Aluminum bronze aloys comprise a series of aloys (C606 to C644) based on the copper-
auminum (2-15 wt%) binary system, to which iron, nickel, and/or manganese are added to increase
drength. Corroson resstance results from the formation of an adherent duminum oxide layer that
protects the surface from further oxidation. Mechanicad damage to the surface is readily heded by the
redevelopment of this oxide. The auminum bronzes are resstant to sulfuric or hydrochloric acids, but
not nitric acid. These alloys must be properly heet treated to be resstant to dedlloying and generd

corrosion.

Two single-phase, binary dloys are used commercidly: C606, containing 5 wt% auminum and
C610, containing 8 wt% duminum. Mog of the available auminum bronzes contain additiond aloy
elements. C608 contains 5 wt% aluminum to which 0.02-0.35 wt% arsenic has been added to
improve corrosion resstance. Alloy C614, in addition to having 7 wt% aduminum and 2.5 wt% iron,

aso has a 0.3 wt% tin addition for improved resistance to stress corrosion.

Mogt of the aluminum bronzes contain substantia iron, nickel, or manganese additions. These
dloying dements increase strength by forming second phases during heet treatment. Iron, the most
commonly added element, separates as an iron-rich particle that controls grain size while it enhances
grength. Nicke aso reacts with duminum to form NiAl precipitate during heat treatment with the same

result as the iron addition.

Slicon Bronzes

Silicon bronzes have long been available for use in eectrical connectors, heat exchange tubes,
and marine and pole line hardware because of their high solution hardened strength and resistance to
generd and stress corroson. Their compositions are limited to below 4.0 wt% silicon because above
thislevel, an extremdy brittle phase is developed that prevents cold processng. The three most
popular dloysin this series are C651, C654, and C655.
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Modified Copper-Zinc Alloys

The series of brass dloys C664 to C698 have been modified by additions of manganese
(manganese brasses and manganese bronzes), auminum, silicon, nicke, and cobat. Each of the
modifying additions provides some property improvement to the aready workable, formable, and
inexpensive Cu-Zn brass base dloy. Aluminum and silicon additions improve strength and corrosion
resstance. Nickel and cobat form aluminide precipitates for grain size control and dispersion

strengthening by the presence of findly dispersed second-phase particles in the copper dloy.

Specific Properties of Cast Brass and Bronze Alloys

Cast copper aloys can be classified into two main groups: sngle-phase dloys, characterized by
moderate strength, high ductility (except for leaded varieties), moderate hardness and good impact
srength; and polyphase dloys, having high strength, moderate ductility, and moderate impact strength.
The tolerance for impuritiesis normaly greeter in cast copper aloys than in wrought copper dloy
because the cast dloys are not mechanicaly formed. However, in those cast aloys likely to be repaired
or joined by welding, some impurities can be very detrimenta. On the basis of consumption, red brass
alloys, C83600 (85 wt% copper, 5 wt% tin, 5 wt% lead, and 5 wt% zinc), C84400 (81 wt% copper,
3wt% tin, 7 wt% lead, and 9 wt% zinc), and C93200 (83 wit% copper, 7 wt% tin, 7 wt% lead, and 3
wit% zinc) are the most important of the cast copper dloys.

The mechanical properties of cast copper aloys (e.g., brass, bronze) are afunction of dloying

elements and their concentrations. The nomina chemica compogtion and identification of some copper
cadting dloys are listed in Table A-4.
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Table A-4

Nominal Composition by wt% of Some Casting Brass and Bronze Alloys

UNS (CDA)
Common name designation Cu Sn Pb Zn Fe Al Others
high strength C86300 63.0 250 30 6.0 3.0Mn
yellow brass
gun metal C 90500 88.0 100 20
tin bronze 84:16 C 91100 84.0 16.0
high leaded tin C 93700 80.0 10.0 10.0
bronze
steam bronze C 92200 88.0 6.0 15 45
phosphorus C 94400 81.0 80 110 035P
bronze
high leaded tin C 93800 78.0 7.0 15.0
bronze
journal bronze C 100 70.0 55 180 30
auminum bronze | C 95500 810 40 11.0 40Ni
D
Al-Silicon C 95600 91.0 7.0 20S
bronze
Mn-Al bronze C 95700 75.0 30 8.0 12.0 Mn, 2.0 Ni
Ni-Al bronze C 95800 810 40 9.0 1.0MN, 5.0Ni
die-casting C 85800 58.0 10 10 40.0
yellow brass
die-cast silicon C 87800 820 14.0 40S
brass
commercial no.1 | C85400 67.0 1.0 30 29.0
yellow brass
yellow brass C 85700 63.0 1.0 1.0 347 0.3
high strength C 86200 64.0 26.0 30 40 3.0Mn
yellow brass
leaded high C 86400 59.0 1.0 40.0 20 15 1.5Mn
strength yellow
brass
silicon bronze C 87200 89.0 1.0 05 50 25 15 15Mn,40S
silicon brass C 87400 83.0 14.0 30S
silicon brass C 87500 820 14.0 40S
tin bronze C 90300 88.0 80 40
leaded tin bronze | C 92300 87.0 80 1.0 40
high leaded tin C 93200 83.0 7.0 7.0 30
bronze
nickel-tin bronze | C 94700 88.0 50 20 50Ni
leaded nickel-tin | C 94800 87.0 5.0 10 25 5.0Ni
bronze
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